prior to anaesthesia and surgery. It is considered unlikely that these differences in neutrophil reactivity are due to the direct effects of anaesthetic agents employed. The effects are likely to be the result of differing effects of spinal anaesthesia on the stress response or immunological mediators.
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various aspects of neutrophil function are depressed resulting in inhibited postoperative killing ability, 2-7 but the mechanism of impaired neutrophil killing is unclear. Phagocytosis is not depressed 2'8 especially if regional anaesthesia is employed, 9 and no inhibition of neutrophil movement was observed in one study in which ascorbate, a free radical scavenger, was used to premedicate children prior to surgeryJ ~ Others have studied the effects of anaesthetic agents in viti'o on neutrophils isolated from volunteers. Nitrous oxide has a marked depressant effect on neutrophil movement in the two studies in which it has been examined, ILl2 but with the volatile agents, these experiments have yielded conflicting results which may reflect different methodologies as much as the effects of volatile anaesthetics on neutrophil movement. We have summarized these results in a previous paper. 13 Recently, Mealy et alJ 4 have demonstrated a factor present in the serum of patients anaesthetized with enflurane and nitrous oxide which inhibited the ability of neurophils from normal volunteers to generate active killing substances. It has been suggested that these effects may be less apparent when surgery is performed under regional anaesthesia. 5 '9 In a previous study we showed that neurophils activated by elicitation into the peritoneal cavity of rabbits showed greater stimulation of the chemotactic responses during isoflurane than halothane anaesthesia which had no effect. 13 This study was designed to investigate whether the effects of regional anaesthesia on neutrophil migration differed from those due to general anaesthesia during surgery in human patients.
Methods
The protocol was approved by the Ethical and Research Committee of the University of Cape Town. Eighteen patients undergoing hip arthropolasty were randomised into three groups (n = six in each group). One group received general anaesthesia with halothane (GA-HALO), the second received general anaesthesia with isoflurane (GA-ISO), and the third group received spinal anaesthesia (SPINAL).
All patients were of ASA physical status 1 or 2 and were receiving nonsteroidal analgesic drugs but not aspirin, up to the time of surgery. All patients received premedication with temazepam 20 mg two hours before surgery.
In the general anaesthesia groups, anaesthesia was induced with morphine 0.15 mg. kg -1 followed by a sleep dose of thiopentone (4-6 mg. kg-l). Tracheal intubation was facilitated by alcuronium 0.25 mg. kg -1 and anaesthesia was continued with IPPV to PETCO 2 5 kPa utilizing nitrous oxide 70% in oxygen. In the GA-HALO group, halothane 1% was administered from a previously cali-brated vaporiser for the duration of the study period. The GA-ISO group received isoflurane at an equivalent MAC concentration (1.5%) instead of halothane.
Spinal group
After a preload of Plasmalyte B (Ringer's lactate without calcium in which the lactate is replaced by bicarbonate) 10 ml-kg -1 had been administered, anaesthesia was induced by subarachnoid injection of bupivacaine 20 mg in 0.5% isobaric solution into the L3_ 4 or L4_ 5 interspace. This produced a block to a median level of T 6 (range T4-TIo ). Patients were lightly sedated by the administration of propofol 0.2--0.4 mg. kg -1. hr -1 after a loading dose of 0.5 mg. kg -1 to maintain a sedation score of 3. ts Systolic blood pressure was maintained above 100 mmHg in all groups by the judicious infusion of Plasmalyte B crystalloid throughout the study period. No other intravenous fluids or blood were administered during the study. No bone cement was utilized by the surgeons during the study period.
Neutrophil preparation
Blood samples (35 ml) were drawn on two occasions, the first prior to induction of anaesthesia and the second after surgery had been in progress for one hour. Blood samples (30 ml in heparinised tubes) were kept on ice until the neutrophil extraction began 30 min after the second sample was collected. Blood was taken under similar conditions from five volunteers (reference samples) to ensure that no changes occurred due to storage of the first sample for 1.5 hr longer than the second. Five millilitres of blood were taken into EDTA tubes, the plasma was separated immediately by centrifugation and frozen at -20 ~ C until catecholamine estimations were performed.
Neutrophils were obtained by layering on Ficoll (Histopaque-1077 from Sigma Diagnostics, Mo, USA) and spinning down for 30 min. The supernatant containing mononuclear cells was discarded, the neutrophils and red blood cells remaining. Pellets were diluted 1:1 with phosphate buffered saline (PBS). The PBS used throughout was standard phosphate to which was added MgC12, CaCI 2 and glucose. Three millilitres of dextran 6% (mw 150 kD, Sigma Diagnostics, Mo, USA) were added to the cell mixture, well mixed and allowed to settle for 40 min. The supernatant containing polymorph neurophils was resuspended in PBS. The few remaining red cells were removed by lysis in water for 40 sec. Isotonicity was restored with NaC13.6%. This procedure yielded a harvest of 2-5 • 106 cells, ml -l in 10 ml suspension of which 91-99% were neutrophils. Viability >95% was ensured in each case by a trypan blue dye exclusion test. The cell suspensions were made up to a final concentration of 2 • 10 6. m1-1 in PBS and kept on ice until the experiments Zigmond 17 with five fields examined for each cell population. Distances migrated by cells obtained intraoperatively were compared to the movement of cells sampled preoperatively in each patient. In order to establish the possible influence of propofol, we compared the movement of neutrophils from four volunteers in the presence and absence of propofol 10 mg. L -~ using the same experimental methodology.
Catecholamine concentrations in plasma were determined by electrochemical detection after separation with HPLC using dihydroxybenzylamine as internal standard.t8 The coefficient of variation was 7.9% and 8.7% for noradrenaline (500 pg.m1-1) and adrenaline (300 pg. ml -l) and the percentage recovery was 75% and 69% respectively for the above-mentioned concentrations of standards of catecholamines extracted using an aluminium oxide absorbtion technique from catecholamine-free plasma. The limit of sensitivity was 10 pg. ml -l for both measured catecholamines.
As the data were assumed not to be normally distributed, the statistical analysis was performed using the nonparametric Kruskal-Wallis test followed by the Mann-Whitney U test for intergroup comparisons. Differences were assumed to be significant when P < 0.05.
Results
The ages of the patients in years expressed as mean (range) of the study groups were: HALO-GA 55 (35-70) yr, ISO-GA 53 (315-73), Spinal 65 (565-73). Weights in kg also expressed as mean (range) were: HALO-GA 65 (56-80), ISO-GA 67 (54-74) and Spinal group 63 (565-74). No differences among the study groups were noted with respect to age or weight except the group of healthy volunteers from which the reference samples were taken for the reassessment of the influence of keeping them on ice for 90 min (age 24--45, mean 36 yr; weight 55-75, mean 65 kg). The total white blood cell count in the samples taken both pre-and intraoperatively did not show differences among experimental groups (Table) .
Neutrophils from patients undergoing surgery under spinal anaesthesia demonstrated enhanced movement towards C5a compared with both groups receiving general anaesthesia (Figure 1, Table) . In addition, the movement in the spinal group during surgery was enhanced (P < 0.05) compared with the preoperative movement in this group. Neutrophils from four volunteers exposed to propofol at 10 mg. L -1 showed no differences in migration compared with migration in the absence of the drug (mean 71.0 I~m vs 64.7 I~m, results not shown).
Increased concentrations of adrenaline were present in both general anaesthetic groups whereas the spinal group had lower concentrations than those prior to anaesthesia and surgery ( Figure 2) . No time-related differences or differences among groups were seen in the levels of noradrenaline. This may reflect the large scatter of the noradrenaline data.
Discussion
This study demonstrated that neutrophils from patients undergoing surgery with spinal anaesthesia exhibit increased movement towards a complement-associated chemotactic factor compared with neutrophils from similar patients undergoing surgery with general anaesthesia. In addition, the neutrophil movement in the spinal group during surgery was considerably enhanced compared with the movement in this group prior to surgery. The wide scatter of the data in the spinal group probably reflects different subpopulations of primed neutrophils with large differences in their chemotactic responses. Bass et al.19 demonstrated recently, in neutrophils extracted from patients with acute bacterial infections, similar variations among patients and different response patterns of subpopulations of neutrophils within the same patient to a phorbol ester membrane stimulant. 19 During surgery, neutrophils activated and attracted by inflammatory mediators at the surgical site attach to the endothelium at the site of surgery and then migrate through spaces induced by cytokines and inflammatory mediators between the endothelial cells to enter the interstitial space where they take part in host defence. 2~ Such cells activated into the active site probably represent a different subpopulation of neutrophils from those obtained by sampling peripheral blood at the same time. ~9 Experiments such as ours in which samples of the circulating neutrophils are taken during surgery represent data which may not reflect accurately the function of the neutrophils attracted into the inflammatory area but should reflect changes in activity state of the cells in the same direction. It is our hypothesis that neutrophils even in peripheral blood are primed during surgery and exhibit an enhanced response to a chemotactic stimulus for at least the first hour of anaesthesia and surgery.
Explanations that have to be considered include firstly that volatile general anaesthetics or intravenous agents in the general anaesthetic groups directly depressed a surgically induced enhancement of neutrophil motility for a period of time exceeding the presence of anaesthetics in the blood. Although possible there are no data available which suggest that the changes in the function of cells can persist after discontinuation of anaesthesia. Only one study has examined the movement of neutrophils sampled during anaesthesia and surgery. Stanley et al. 3 demonstrated diminished chemotactic responses towards a complementassociated attractant of neutrophils from patients undergoing an hour of general anaesthesia prior to an hour of surgery. We feel it is unlikely that anaesthetic agents depressed directly the motility of neutrophils because they were no longer present during the chemotactic experiments. In any case, the effects of volatile agents on activated neutrophils in a protein-containing solution at clinical concentrations are probably negligible. Nitrous oxide, although not present after the extraction of the cells, may have contributed to the lack of enhanced movement in both the general anaesthesia groups.
Thiopentone and morphine in the 10-6-10 -3 M range have been shown to depress chemotaxis in protein-free experiments. 22 The plasma concentrations of these agents in our groups must have been extremely low after the cells were isolated from plasma, resuspended in PBS and the movement experiments conducted in the presence of pooled serum which would bind nearly all the drug residuals.
Secondly, the differences in migration between the general anaesthesia groups and the spinal group may be due to differences in circulating stress hormones observed between general and spinal anaesthesia. Hill et al. 23 showed that adrenaline at 10-5-10 -3 M concentration inhibited chemotaxis by 30% compared with the movement in the absence of the drug. This would indicate a maximal depressant affect of adrenaline at all these concentrations. Our patients revealed mean concentrations of 1.3 • 10 -9, 0.76 • 10 -9 and 0.17 • 10 -9 M adrenaline in the GA-HALO, GA-ISO and spinal groups respectively. The preoperative concentrations for these groups were in the range of 0.4-0.6 • 10 -9 M. These reflect an intergroup range of about 1.5 • 10 -9 M in the 10 -9 M range. Differing levels of catecholamines may well have contributed to our findings but the magnitude of catecholamineinduced changes in the neutrophil movement are probably small. Interestingly, in the same study they demonstrated that noradrenaline in the 10 -3 to 10 -5 M range stimulated chemotaxis in a dose-dependant fashion. After 90 rain of anaesthesia and surgery, our patients did not show any alterations in total white counts compared with preoperative levels in any group probably due to a shorter duration of anaesthesia prior to the commencement of surgery in all groups. Dale demonstrated that a period of at least two hours is necessary for the cortisol-mediated recruitment of neutrophils from the bone narrow into the peripheral pool. 33 We feel that differences in cortisol at this time are unlikely to have been responsible although they may have been contributory. Thirdly, drugs utilized in the spinal group may have stimulated the response of the cells. Our results in these experiments have shown that propofol at 10 mg. L -l has no effect on the migration of quiescent neutrophils. Moudgil et al. demonstrated that bupivacaine at 10 -4 M concentration had no effect on the migration of volunteer neutrophils towards casein. 22 Our levels of drug in the plasma after spinal anaesthesia would have been much lower than this. Recently Mealy et al. have demonstrated that a factor present in the serum of patients anaesthetized with enflurane and nitrous oxide inhibits luminol-enhanced chemiluminescence of normal volunteer neutrophils. 14 They postulated that it might be a degradation product of complement. We are currently investigating this as a possible explanation for our findings.
This study and others suggest that anaesthetic techniques may modify the response of neutrophils during surgery. Further understanding of these mechanisms and the recent advances in our understanding of factors responsible for neutrophil adherence, migration and activation coupled to increasing understanding of cytokine-mediated neutrophil kinetics may enable anaesthetists to achieve biological advantages for host defense not necessarily at the expense of host damage. 34 We are reluctant to make clinical recommendations from our findings. However, it is certain that more research needs to investigate the function of innate mechanisms of host resistance in different anaesthetic conditions.
